Introduction {#section1-S1013702519500136}
============

Balance is a fundamental skill for all movements in humans, such as activities involving standing, reaching, walking, running, or jumping.^[@bibr1-S1013702519500136]^ Balance is defined as the ability to control the body's center of gravity relative to the base of support or limits of stability either at standing or during movement, which is achieved through the integrated action of musculoskeletal and neurological systems.^[@bibr2-S1013702519500136],[@bibr3-S1013702519500136]^ The development of the ability to balance in children is represented as a stage-like progression. The growth and maturation of the body systems in human follow a general developmental timeline.^[@bibr4-S1013702519500136]^ Therefore, the development of the ability to balance in children is represented as a stage-like progress, which occurs through the development of specific systems involved in balance control abilities such as visual, vestibular, somatosensory, and musculoskeletal systems.^[@bibr5-S1013702519500136]-[@bibr7-S1013702519500136]^ One factor that has direct influence on the ability to control balance, and also improvements in children, is muscle strength.^[@bibr8-S1013702519500136],[@bibr9-S1013702519500136]^ Several studies found that muscle strength, especially lower extremity muscle strength, is highly correlated with postural control or balance in the standing position.^[@bibr3-S1013702519500136],[@bibr9-S1013702519500136],[@bibr10-S1013702519500136]^ The weakness of lower extremity muscles is a common factor associated with balance impairment that is a risk factor for postural instability and falling.^[@bibr9-S1013702519500136],[@bibr11-S1013702519500136]-[@bibr13-S1013702519500136]^

Problems in postural control may cause reduced mobility in children and also restrict participation in the community.^[@bibr14-S1013702519500136]^ By the age of 7--12 years, as middle childhood, the balance control in this age is still emerging as adult-like balance patterns but the balance is not yet fully completed.^[@bibr15-S1013702519500136]-[@bibr17-S1013702519500136]^ Children are more prone to falls because of the variability in their movements with several immature body systems such as the musculoskeletal systems and neuromuscular system.^[@bibr7-S1013702519500136]^ Postural impairment leading to falls in children may result in functional limitations, loss of confidence, and low self-esteem.^[@bibr18-S1013702519500136]^ The fear of falling can also have adverse effects on the psychological and social development of the child.^[@bibr19-S1013702519500136],[@bibr20-S1013702519500136]^ Approximately 43% of child injuries in Asia in those aged 0--18 years were caused by falls.^[@bibr19-S1013702519500136]^ Therefore, balance examination helps to investigate balance status and provides intervention to children with the risk of falling. The Multi-Directional Reach Test (MDRT) is one performance-based test in clinical balance assessment that measures the maximal reach distance in four directions including the forward, backward, leftward, and rightward directions during standing with the feet stationary.^[@bibr20-S1013702519500136],[@bibr21-S1013702519500136]^ Greater reach distance represents larger limits of stability, which indicates better balance ability.^[@bibr20-S1013702519500136],[@bibr21-S1013702519500136]^ The test can be easily completed by children requiring simple equipment. MDRT also yields results which can be interpreted quickly. It has also been shown to be reliable $\left( \text{ICC} = 0.93 \right.$ to 0.95$)$ and valid (concurrent validity of MDRT with Berg Balance Scale; $r = 0.36$ to 0.48 and Timed Up and Go test; $r = 0.26$ to 0.44) for measuring dynamic standing balance.^[@bibr21-S1013702519500136]^ Although most studies involving the MDRT were commonly used to assess balance in the elderly,^[@bibr21-S1013702519500136]-[@bibr23-S1013702519500136]^ some studies had reported the functional reach and lateral reach tests in children.^[@bibr1-S1013702519500136],[@bibr14-S1013702519500136],[@bibr24-S1013702519500136]^ A recent study investigated the normative reference scores using the MDRT in children.^[@bibr20-S1013702519500136]^ Additionally, previous studies have reported correlations between muscle strength and clinical balance testing (e.g., Functional Reach Test, Berg Balance Scale, and Timed Up and Go test) in adults and the elderly.^[@bibr25-S1013702519500136]-[@bibr27-S1013702519500136]^ Researchers found that reduced muscle strength may lead to a fall during dynamic tasks including reaching movements.^[@bibr25-S1013702519500136],[@bibr26-S1013702519500136],[@bibr28-S1013702519500136]^ Although previous studies reported the effects of muscle strength on the functional reach test,^[@bibr29-S1013702519500136],[@bibr30-S1013702519500136]^ no study has documented the contributions of lower extremity strength in the MDRT. This finding attempts to investigate the relationship between lower extremity strength and the MDRT in children to provide the preliminary data for promoting health or rehabilitation.

The aim of this study was to examine the relationship between lower extremity strength and the MDRT for reaching distances. The strength of muscle groups might influence balance in different directions. This would enhance clinicians in planning rehabilitation program for improving the ability to control balance in specific directions.

Materials and Methods {#section2-S1013702519500136}
=====================

Sixty participants, aged between 7 and 12 years (30 boys, 30 girls), were recruited from two schools in the Bangkok metropolitan region. These children were recruited using the convenience sampling technique with equal numbers of boys and girls for each age (boys = 5, girls = 5; $n = 10$). Children participated in this study were able to understand and follow commands. Exclusion criteria included children who (1) had any medical problems affecting their ability to stand or complete the tasks, (2) had musculoskeletal, balance, or visual problems that might affect balance and strength, and (3) had history of injuries or surgeries on the lower extremities. The information sheet, medical questionnaire, and consent form were given to the parents. All parents and children signed the informed consent forms which were approved by the University Ethics Review Committee for Research Involving Human Research Subjects.

After consent was given to participate in the study, anthropometric data including height and weight were collected for each child. Then, the MDRT was assessed in four directions randomly determined by computer. The MDRT tool included a meter stick made of aluminum and a bubble level used to ensure the meter stick was placed horizontally upon the floor ([Fig. 1](#figureF1-S1013702519500136){ref-type="fig"}). Before measuring the MDRT, each child was instructed to stand barefoot on a piece of paper fixed to the floor and to take up a stance approximately a shoulder-width apart. The feet position was traced onto the paper to ensure the same starting point for all tests. The meter stick was set to the height of each child's acromion process. Test procedures were explained and demonstrated by the same tester. Then, the children were instructed to raise an outstretched arm to shoulder level and "reach as far (direction given) as possible without losing balance and without touching the ruler. For the backward direction, the children were instructed to "lean backward as far as possible". The difference in the distances between the middle fingertip at starting and ending positions was used as the reaching score. An average of three successful trials in each direction was used for the analysis. A fourth trial was only conducted for subjects if they lost their balance or took a step during the testing in one of the trials. If did so twice, they were excluded from the study. The MDRT in this study was the high inter-rater reliability $\left( \text{ICC} = 0.80 - 0.86 \right)$ and intra-rater reliability $\left( \text{ICC} = 0.89 - 0.97 \right)$ in all directions. For the inter-rater reliability, 10 children who were 7--12 years old were recorded by two raters who are physical therapists. The first rater recorded three trials in each direction, considering the average of the three times for the calculation. The second rater recorded the same measurement. The subjects took a rest of 5 min between the raters. For the intra-rater reliability, the same children were re-tested the following week. All of the procedures which were previously explained were repeated during the re-test. However, the MDRT was performed before the measurement of lower extremity strength to avoid any fatigue that may occur.

![MDRT tool including a meter stick made of aluminum and a bubble level.](hkpj-39-143-g001){#figureF1-S1013702519500136}

Lower extremity strength was measured using a hand-held dynamometer (HHD; model 01165 Lafayette Manual Muscle Test System, Lafayette Instrument Company, Lafayette, USA) that was set to read force in Newtons (N). Muscle strength was tested by using the isometric break test in eight muscle groups, comprising (a) hip flexor, (b) hip extensor, (c) hip adductor, (d) hip abductor, (e) knee flexor, (f) knee extensor, (g) ankle dorsiflexor, and (h) ankle plantar flexor. The testing procedure followed Ibrahim *et al.*^[@bibr9-S1013702519500136]^ and Eak *et al.*^[@bibr31-S1013702519500136]^ as shown in [Table 1](#table1-S1013702519500136){ref-type="table"}. Standardized instruction was given to all children to "try to hold the testing position and do not let me push or pull your leg" by the other tester (the 2nd tester) to blind between testers. Inter-rater and intra-rater reliabilities using the HHD in this study were of high reliability $\left( \text{ICC} = 0.83 - 0.89 \right.$, $\left. \text{ICC} = 0.93 - 0.99 \right)$, respectively. For the inter-rater reliability, 10 children who were 7--12 years old were measured by two raters who are physical therapists. The first rater recorded three trials in each muscle group, considering the maximum force of three times for analysis, and resting 1 min between trials. The second rater recorded the same measurement. The subjects were given a rest of 5 min between raters. For the intra-rater reliability, the same children were re-tested the following week. All of the procedures which were previously explained were repeated during the re-test.

###### 

Procedure of lower extremity strength testing.

![](hkpj-39-143-t001)

  No.     Muscle group           Testing position                                           Child stabilization            Dynamometer placement
  ------- ---------------------- ---------------------------------------------------------- ------------------------------ --------------------------------------------------------------------------------------
  \(1\)   Hip flexor             Supine, hip and knee flexed 90^∘^                          Trunk                          Mid-point on the anterior side of the distal femur (10 cm above the base of patella)
  \(2\)   Hip extensor           Supine, hip, and knee flexed 90^∘^                         Trunk                          Mid-point on the posterior side of the distal femur (same level as HF)
  \(3\)   Hip adductor           Supine, hip, and knee extended                             Trunk and the other leg        Medial side of the distal femur (same level as HF)
  \(4\)   Hip abductor           Supine, hip, and knee extended                             Trunk and the other leg        Lateral side of the distal femur (same level as HF)
  \(5\)   Knee flexor            Sitting, hip, and knee flexed 90^∘^                        Thigh                          Posterior side of the distal tibia (10 cm above the lateral malleolus)
  \(6\)   Knee extensor          Sitting, hip, and knee flexed 90^∘^                        Thigh                          Anterior side of the distal tibia (same level of KF)
  \(7\)   Ankle dorsiflexor      Supine, hip, knee extended and ankle in neutral position   Lower limb proximal to ankle   Dorsum of foot proximal to the metatarsophalangeal joint
  \(8\)   Ankle plantar flexor   Supine, hip, knee extended and ankle in neutral position   Lower limb proximal to ankle   Sole of foot proximal to the metatarsophalangeal joint

All children received an explanation of the procedures and practiced once with submaximal force to ensure correct performance. Participants were tested for three trials in each muscle group, and rested 1 min between trials to avoid possible fatigue.

Statistical Analysis {#section3-S1013702519500136}
====================

Statistical analysis was performed with IBM SPSS Statistics (version 22.0) for Windows. Normality of data distribution was defined by the Kolmogorov--Smirnov test. Descriptive statistics were obtained for the values of the MDRT and lower extremity strength. Pearson product-moment correlation coefficient was used to examine the relationships between lower extremity strength and the MDRT in each direction. The strength of correlation in this study was considered as follows: good to excellent correlation $\left( > 0.75 \right)$, moderate to good correlation (0.51 to 0.75), fair correlation (0.25 to 0.50), and little to no correlation $\left( < 0.25 \right)$.^[@bibr32-S1013702519500136]^ Statistical significance was considered at $p < 0.05$.

Results {#section4-S1013702519500136}
=======

The characteristics of participants for each age group are shown in [Table 2](#table2-S1013702519500136){ref-type="table"}. [Table 3](#table3-S1013702519500136){ref-type="table"} shows the mean MDRT scores in each direction and lower extremity strength values among the children aged 7--12 years. The data on muscle strength were obtained from the average of both limbs. The relationships between lower extremity strength and the MDRT in each direction, as shown in [Table 4](#table4-S1013702519500136){ref-type="table"}, showed that the reaching score in each direction correlated with several muscle groups. In the forward direction, the results of Pearson's correlation revealed a fair correlation between the forward reaching score and the strength of the hip flexor, hip extensor, knee flexor, knee extensor, and ankle plantar flexor muscle groups $\left( r = 0.27 \right.$ to 0.31, all $\left. p < 0.05 \right)$. In the backward direction, fair correlation was found between the backward reaching score and the strength of all lower extremity muscle groups $\left( r = 0.30 \right.$ to 0.50, $\left. p < 0.05 \right)$; in particular, the hip abductor revealed moderate correlation with the backward reaching score ($r = 0.52$, $p < 0.001$). Additionally, fair correlation was observed between the leftward reach distance and the strength of the hip flexor, hip extensor, hip abductor, knee flexor, and knee extensor muscle groups $\left( r = 0.29 \right.$ to 0.36, $p$-value $\left. < 0.05 \right)$. Also, the rightward reach distance showed a fair correlation with the strength of the hip flexor, knee flexor, ankle dorsiflexor, and ankle plantar flexor muscle groups $\left( r = 0.26 \right.$ to 0.32, $\left. p < 0.05 \right)$.

###### 

Characteristics of the participants.

![](hkpj-39-143-t002)

  Age (year)   7 $\left( n = 10 \right)$ (mean $\pm$ SD)   8 $\left( n = 10 \right)$ (mean $\pm$ SD)   9 $\left( n = 10 \right)$ (mean $\pm$ SD)   10 $\left( n = 10 \right)$ (mean $\pm$ SD)   11 $\left( n = 10 \right)$ (mean $\pm$ SD)   12 $\left( n = 10 \right)$ (mean $\pm$SD)
  ------------ ------------------------------------------- ------------------------------------------- ------------------------------------------- -------------------------------------------- -------------------------------------------- -------------------------------------------
  Height       122.0 $\pm$ 3.5                             127.7 $\pm$ 2.5                             134.6 $\pm$ 5.4                             137.2 $\pm$ 3.4                              142.9 $\pm$ 4.3                              147.9 $\pm$ 5.8
  Weight       24.5 $\pm$ 3.2                              25.3 $\pm$ 2.6                              29.3 $\pm$ 3.5                              34.1 $\pm$ 4.7                               36.7 $\pm$ 4.8                               39.3 $\pm$ 4.5

###### 

Results of the MDRT (cm) and lower extremity strength (N) values.

![](hkpj-39-143-t003)

  Age (year)                 7 $\left( n = 10 \right)$ (mean $\pm$ SD)   8 $\left( n = 10 \right)$ (mean $\pm$ SD)   9 $\left( n = 10 \right)$ (mean $\pm$ SD)   10 $\left( n = 10 \right)$ (mean $\pm$ SD)   11 $\left( n = 10 \right)$ (mean $\pm$ SD)   12 $\left( n = 10 \right)$ (mean $\pm$ SD)   Mean (mean $\pm$ SD)
  -------------------------- ------------------------------------------- ------------------------------------------- ------------------------------------------- -------------------------------------------- -------------------------------------------- -------------------------------------------- ----------------------
  Forward (cm)               11.3 $\pm$ 2.6                              10.5 $\pm$ 3.2                              11.1 $\pm$ 2.3                              11.8 $\pm$ 1.4                               12.1 $\pm$ 2.3                               11.9 $\pm$ 2.5                               11.4 $\pm$ 2.4
  Backward (cm)              6.8 $\pm$ 2.0                               6.2 $\pm$ 1.4                               6.9 $\pm$ 1.3                               9.1 $\pm$ 2.5                                8.7 $\pm$ 1.7                                10.1 $\pm$ 2.6                               7.8 $\pm$ 2.3
  Leftward (cm)              9.3 $\pm$ 0.9                               9.9 $\pm$ 2.2                               9.4 $\pm$ 1.8                               9.9 $\pm$ 1.3                                10.3 $\pm$ 2.1                               9.9 $\pm$ 1.5                                9.6 $\pm$ 1.9
  Rightward (cm)             9.1 $\pm$ 1.2                               9.1 $\pm$ 2.5                               9.1 $\pm$ 1.8                               10.1 $\pm$ 1.7                               9.6 $\pm$ 0.8                                10.7 $\pm$ 2.6                               9.6 $\pm$ 1.7
  Hip flexors (N)            120.2 $\pm$14.6                             121.1 $\pm$ 18.8                            135.3 $\pm$ 23.8                            144.7 $\pm$ 17.8                             174.6 $\pm$ 25.5                             178.5 $\pm$ 29.5                             145.7 $\pm$ 31.7
  Hip extensors (N)          274.1 $\pm$ 50.7                            224.1 $\pm$ 53.8                            258.7 $\pm$ 76.3                            290.6 $\pm$ 30.1                             315.8 $\pm$ 74.9                             332.3 $\pm$ 69.9                             282.6 $\pm$ 69.0
  Hip adductors (N)          94.4 $\pm$ 20.3                             105.7 $\pm$ 22.4                            130.1 $\pm$ 27.5                            131.1 $\pm$ 18.6                             155.6 $\pm$ 43.1                             159.3 $\pm$ 47.2                             129.4 $\pm$ 38.7
  Hip abductors (N)          124.1 $\pm$ 17.3                            118.9 $\pm$ 21.5                            144.7 $\pm$ 32.8                            150.4 $\pm$ 22.7                             182.6 $\pm$ 36.8                             194.7 $\pm$ 48.5                             152.6 $\pm$ 41.4
  Knee flexors (N)           100.1 $\pm$ 14.3                            112.7 $\pm$ 14.0                            130.1 $\pm$ 25.1                            141.4 $\pm$17.5                              157.9 $\pm$ 34.0                             163.1 $\pm$36.2                              134.2 $\pm$33.2
  Knee extensors (N)         149.8 $\pm$ 20.7                            139.7 $\pm$ 29.0                            173.1 $\pm$52.7                             207.1 $\pm$ 41.1                             212.7 $\pm$ 51.5                             234.9 $\pm$ 45.7                             186.2 $\pm$ 53.0
  Ankle dorsiflexors (N)     145.6 $\pm$ 19.4                            139.6 $\pm$ 23.8                            164.9 $\pm$ 27.4                            189.5 $\pm$ 21.9                             212.2 $\pm$40.8                              213.1 $\pm$ 40.3                             177.5 $\pm$ 41.5
  Ankle plantarflexors (N)   411.1 $\pm$ 61.3                            354.2 $\pm$ 87.1                            417.9 $\pm$ 115.7                           453.6 $\pm$ 70.3                             439.1 $\pm$ 84.2                             515.4 $\pm$ 41.6                             440.9 $\pm$ 93.9

###### 

Relationships between lower extremity strength and the MDRT in each direction.

![](hkpj-39-143-t004)

                          MDRT                           
  ----------------------- -------- ---------- ---------- --------
  Hip flexors             0.28\*   0.48\*\*   0.33\*     0.28\*
  Hip extensors           0.28\*   0.42\*\*   0.36\*\*   0.24
  Hip adductors           0.15     0.43\*\*   0.20       0.09
  Hip abductors           0.21     0.52\*\*   0.30\*\*   0.21
  Knee flexors            0.27\*   0.50\*\*   0.29\*     0.26\*
  Knee extensors          0.27\*   0.48\*\*   0.32\*     0.25
  Ankle dorsiflexors      0.20     0.44\*\*   0.21       0.27\*
  Ankle plantar flexors   0.31\*   0.30\*     0.26       0.32\*

*Notes*: \*statistically significant, $p < 0.05$, \*\*statistically significant, $p < 0.001$.

Discussion {#section5-S1013702519500136}
==========

This is the first study to investigate the relationship between lower extremity strength and the MDRT score in children. The results of Pearson's correlation showed that the lower extremity strength in several muscle groups fairly correlated with the MDRT scores.

In the forward direction, the reaching score correlated best with the strength of the ankle plantar flexor muscle group. The eccentric plantar flexion of the ankle controls the anterior lean distance without falling. This relationship can be explained by the mechanical demands of preventing the falling forward of the trunk during the forward reaching task.^[@bibr10-S1013702519500136],[@bibr28-S1013702519500136],[@bibr33-S1013702519500136],[@bibr34-S1013702519500136]^ This finding is consistent with the results of Daubney and Culham,^[@bibr10-S1013702519500136]^ who identified the strength of the ankle plantar flexor muscle as contributing to the prediction of the forward reaching score. The other possible explanation would involve the direction specific muscles in the caudal--cranial direction. In standing position, the muscles change into a distal-to-proximal recruitment order caused by the body parts near the support surface being in the need of stabilization.^[@bibr35-S1013702519500136]^

Additionally, the results of this study indicated significant correlation between the strength of the hip and knee muscle groups in the sagittal plane and the distance of the forward reach test. It is possible that the agonistic and antagonistic muscles of the hip and knee took the pattern of coactivation which assisted the stabilization of postural control. The activity of the hip extensor group assists the knee extensor muscles to control the knee positions and to prevent excessive trunk flexion.^[@bibr36-S1013702519500136]^ The strength of the hip flexor muscle group is important for the balance and functional performance that is used to restore equilibrium to change the postural control.^[@bibr37-S1013702519500136]^ According to the previous studies, researchers suggested that the knee extensor muscle group comprises the anti-gravity muscles necessary to perform balance control and functional activities in standing. The decrease in knee extensor strength is the one factor influencing falls.^[@bibr38-S1013702519500136]-[@bibr40-S1013702519500136]^ Also, the strength of the knee flexor group acts mainly to prevent hyperextension of the knee during forward reaching.^[@bibr33-S1013702519500136]^ The activity patterns of knee flexor muscles including the semimembranosus, semitendinosus, and biceps femoris while performing the reach test may act mainly as a breaking function in the forward direction.^[@bibr41-S1013702519500136]^ This finding demonstrated that the agonist--antagonist muscles might activate coordinately the surrounding knee joint. However, both proximal and distal muscles are recruited equally in younger ages, but with increasing age, distal muscles become more activated.^[@bibr33-S1013702519500136],[@bibr42-S1013702519500136]^

The strength of the hip and knee flexor muscles is not only significantly correlated with forward reaching score but also in lateral reaching scores. One possible explanation may be that the hip flexor muscle group including the two major portions of iliacus and psoas originates from the iliacus bone and lumbar spine, respectively, and inserts on the trochanter of the femur. In a standing position, the specific function of the iliacus muscle is important to stabilize between the pelvis and hip joints. The psoas muscle assists in stabilizing the lumbar spine in the frontal plane.^[@bibr43-S1013702519500136]^ This means that the iliopsoas muscle may act mainly as a stabilizer muscle when performing the reaching task in the lateral direction. Also, hip abductor muscles are crucial to minimize pelvic rotation and maintain balance in the frontal plane.^[@bibr36-S1013702519500136]^

However, the left and right reaching tasks demonstrated correlations with different muscle groups. One possible explanation may be the familiarity with the dominant reaching of the activity in daily life. All participants in this study preferred the use of right hand for reaching. Possibly, rightward reaching makes it easier to control the center of mass (COM) within the base of support. The strength of the distal muscles following dorsiflexor and plantar flexor muscles would provide adequate stabilization during reaching. Conversely, leftward reaching must exert hip and knee extension strength to help maintain reaching balance in this task. Knee extensor strength correlated with dynamic postural stability and influence on functional task performance.^[@bibr44-S1013702519500136]^ However, in order to clarify the mechanism of these strategies, the kinetic parameter and muscle activity in each lower extremity should be further studied.

In the backward direction, it is interesting that there was a significant correlation between the backward reaching score and the strength of all lower extremity muscle groups. The results revealed that the magnitude of correlations was quite similar. This implies that the reaching performance in the backward direction needs to coordinate the strength of all muscle groups for achieving the reaching task. The reasons for these correlations may result from the backward reaching being a more difficult task that is unfamiliar and that has no visual acuity.^[@bibr20-S1013702519500136],[@bibr23-S1013702519500136]^ Most daily activities that have better balance control are performed in front of the body.^[@bibr20-S1013702519500136]^ The difficulty of the balance task relates to the recruitment of the antagonistic muscles and the modulation of the degree of contraction.^[@bibr41-S1013702519500136]^ Antagonistic coactivation is a phenomenon in the development of postural adjustments.^[@bibr7-S1013702519500136]^ Muscle co-contraction increases when balance is more challenged^[@bibr45-S1013702519500136]^ and decreases when the task is easier.^[@bibr46-S1013702519500136]^ Therefore, leaning backwards may require a lot of effort to control the body without falling. This could be the reason for the relatively low reach scores in the backward direction. In addition, from a biomechanical perspective, the hip extension angle is much smaller than the hip flexion angle. It may result in the backward reaching score lesser than forward reaching score.

Accordingly, this study demonstrates that hip and knee flexor strength significantly correlated with reach scores in all directions. Therefore, therapist should pay attention to the strength of the hip and knee flexor muscle groups in children to improve the limits of stability through balance training in all directions. However, results of this study show that the MDRT was weakly correlated with lower extremity strength. One possible explanation would involve the position of testing. The MDRT was performed during standing but the muscle strengths were tested in supine or sitting position. Nevertheless, in this study, we only examined the muscle strength of the lower extremities. Trunk muscles might affect the reaching task in the four directions. A further study could investigate the strength of the trunk muscles and muscle recruitment differences of MDRT in children with movement disorders.

Conclusion {#section6-S1013702519500136}
==========

The results of our study demonstrated that the strength of the lower extremity muscle groups is correlated with the MDRT in each direction. This study indicated that the strength of the hip and knee flexor muscle groups was implicated in increased reaching in four directions. This may be helpful for therapists in planning rehabilitation programs to improve the limits of stability.
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